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LOSS IN HEAD IN FLOW OF FLUIDS THROUGH VARIOUS 
TYPES OF ONE-AND-ONE-HALF-INCH VALVES 


I. LyTRopucTION 


1. Object and Scope of Investigation—The tests herein reported 
were made to obtain information regarding the loss in head accompa- 
nying the flow of water through various types of small valves. Few 
published test results* are available for small valves of recent manu- 
iacture. Furthermore, there is a need for the study of the hydraulic 
characteristics of small valves by means of dimensionless parameters 
for the purpose of making the results of the tests more useful to engi- 
neers concerned with the flow of fluids other than water. The dimen- 
sionless parameters used in this analysis were Ky, the ratio of the head 
loss in a valve to the average velocity head in the pipe, and R,, the 
Reynolds number for the flow conditions in the pipe (defined in Section 
3). These dimensionless parameters introduce all the factors that in- 
fluence the flow through the valves and make it possible to express the 
laws governing the flow in a form that is independent of the units used. 

The laws thus obtained permit the extension of the results of these 
tests to the flow of any fluid through all valves that are geometrically 
similar to those tested. 

The tests reported in this bulletin were made on twenty-nine one- 
-and-one-half-inch brass valves. Four kinds of these valves were tested, 
‘namely, gate, globe, check, and Y valves, all of which were of the 
threaded or screw-fitting type. Many of these valves were tested at 
‘various positions of the internal mechanism of the valve and with the 
water flowing in each direction. Approximately ninety such positions 
were tested. 


2. Acknowledgments—The investigation herein reported was 
‘earried out in the Hydraulics Laboratory of the University of Illinois 
-as a part of the work of the Engineering Experiment Station, of which 
'Dean M. L. Encer is the director, and of the Department of Theoreti- 
‘eal and Applied Mechanics, of which Proressor F. B. SEELy is the head. 

Grateful acknowledgment is due Crane Company and JENKINS 
‘Bros., manufacturers of valves, who supplied gratis all the valves used 
iim the investigation. 

- Many of the data included in this bulletin were obtained by Mr. 
'G. B. Lyon, a senior student at the University of Illinois, in satisfying 
‘the requirement for a thesis for the degree of Bachelor of Science. 


*Numerical indices refer to correspondingly numbered references in the bibliography at the 
rem of this bulletin. 
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Fic. 1. DiacRAMMaTIC SKETCH oF Pire Layout AND TANK 


II. APPARATUS AND MertHop or TESTING 


3. General Description of Apparatus and Method of Testing— = 
Twenty-nine brass valves were tested in approximately ninety settings 
or arrangements of the valves. A diagrammatic sketch of the entire 
apparatus is shown in Fig. 1, and a photograph of the entire apparatus | 
is reproduced in Fig. 2. All valves were tested in the same location in 
one pipe line and under similar conditions of flow. In all tests the 
valve was preceded by 20 ft., 10 in. (166 diameters) of straight one- 
and-one-half-inch galvanized steel pipe and was followed by 17 ft., ¥ 
9 in. (142 diameters) of similar pipe. The average internal cross-sec- 
tional area of the pipe was determined by measuring the volume of § 


Fic. 2. ARRANGEMENT oF APPARATUS 
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TABLE 1 
List or VALvES TESTED 


Test Manufac- 
Style Num-} Manufacturer turers’ Description 
ber Number 
Gate 1 Crane Co. 438 Wedge disc non-rising stem 125-lb. SWP 
2) Crane Co. 438 Wedge disc non-rising stem 125-lb. SWP 
3 Crane Co. 440 Double disc rising stem 125-lb. SWP 
Crane Co. 440 Double disc rising stem 125-lb. SWP 
102 Jenkins Bros. 370 Wedge dise non-rising stem inside screw 
Globe 
Bevel-seat 5 Crane Co. 1 Brass disc 125-lb. SWP 
6 Crane Co. 1 Brass dise 125-lb. SWP 
103 Jenkins Bros. 950 Nickel alloy dise and seat 200-lb. SWP, 300- 
lb. OWG 
Composi- Uf Crane Co. @¢ Renewable dise 150-Ib. SWP, 300-lb. OWG 
tion-dise 8 Crane Co. a Renewable dise 150-lb. SWP, 300-lb. OWG 
9 Crane Co. 1204 Renewable dise 100-Ilb. SWP 
10 Crane Co. 1204 Renewable dise 100-lb. SWP. 
104 Jenkins Bros. 106A Renewable dise 125-lb. SWP, 250-lb. LB OWG 
Plug-dise 11 Crane Co. 14P Renewable seat 150-lb. SWP, 300-lb. OWG 
12 Crane Co. 14P Renewable seat 150-lb. SWP, 300-lb. OWG 
13 Crane Co. o12P Nickel alloy plug 250-lb. SWP 500° F., excelloy 
renewable seat 500-lb. OWG 
14 Crane Co. 212P Same as valve No. 13 
105 Jenkins Bros. 956 Renewable nickel alloy seat ring and plug, 
200-lb. SWP, 300-lb. OWG 
106 Jenkins Bros. 956 Valve No. 105 with plug altered 
Check 
Swing 15 Crane Co. 34 Brass dise swing check 125-lb. SWP 
16 Crane Co. 34 Brass dise swing check 125-lb. SWP 
108 Jenkins Bros. 352 Brass dise swing check 150-lb. SWP 
109 Jenkins Bros. 762 Regrinding bronze disc swing check 200-lb. 
SWP, 300-lb. OWG 
Horizontal-| 17 Crane Co. 1212 Composition disc horizontal check 100-lb. OWG 
disc 18 Crane Co. 1212 Composition dise horizontal check 100-lb. OWG 
110 Jenkins Bros. 117A Composition disc horizontal check 250-lb. OWG 
19 Crane Co. 20 Brass dise horizontal check 100-lb. SWP 
20 Crane Co. 20 Brass dise horizontal check 100-lb. SWP 
Ball 111 Jenkins Bros. 830 Bronze ball check 250-lb. OWG 
Y or Blow-off| 107 Jenkins Bros. 124 Renewable seat ring 250-lb. OWG 


*Accidentally damaged during test—data not used. 


water contained in a 10.02 ft. length of the pipe (taken from the same 
full length as the test length) and dividing the volume by the length. 
The average value from four such determinations was found to be 
0.01316 sq. ft. The discharge was controlled by a valve on the down- 
stream end of the pipe line following the valve being tested. 

The piezometer openings for determining the loss of head over the 
length of test pipe including the valve tested were made by drilling 
holes with a 14-in. drill on a horizontal diameter of the pipe 2 ft. 
‘16 diameters) upstream from the valve and 6 ft., 1 in. (48.7 diame- 
ters) downstream from the valve. Great care was taken to remove all 
surrs from the edges of the holes on the inside wall of the pipe. These 
openings were connected to a differential gage by 14-in. pipe nipples 
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which were screwed into special steel blocks which, in turn, were 
clamped on the outside of the pipe at the openings. This apparatus 
assured a piezometer tube of constant diameter for a length of over) 
two diameters. The differences in pressure were measured by means | 
of differential gages in which various gage fluids were used, depending | 
on the density of the gage fluid required to give a reading of loss of 
head as large as would be convenient to read. The gage fluids used 
were mercury, acetylene tetrabromide, carbon tetrachloride, and a mix- 
ture of carbon-tetrachloride and gasoline. The specific gravities of the 
gage fluids were determined by means of a five-foot glass U-tube. A 
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Fic. 4. Vinw or Cur-away Section or Gate VALVE, 
PatreRN oF VAtyE No. 3 or No. 4 


thermometer was suspended inside the differential gage in the high- 
pressure glass tube in order to obtain accurate observations of the 
temperature of the gage fluid; this made possible very accurate deter- 
minations of the specific gravity of the fluid used in the gage. Gage 
fluids of different densities were used in an attempt to keep the differ- 
ential gage reading one foot or greater, with the object of reducing 


Fic. 5. View or Att Gate VAtves TESTED 
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the percentage error in the gage reading to a minimum. The maximum 
difference in height of gage columns that could be read was 4.9 feet. 
The gage glass used was %@ in. inside diameter, which was larger 
than that usually specified (14-in.) as being of sufficient size to permit 
the effect of surface tension and capillary attraction to be neglected. 
All gage fluids mentioned except mercury were dyed with an oil-soluble 
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dye to render them more easily seen. Readings of the differential gages 
were taken to the nearest 4o9 ft., although in some tests Yoo ft. 
could be estimated with good accuracy due to the steadiness of the 
gage fluid columns. 

The quantity of water discharged was determined by weight on 
calibrated platform scales of 3000 lb. capacity. In determining the 
rate of discharge time was measured by means of a calibrated stop 
watch. The temperature of the water was observed during each 


‘ ; Upp, : 
run, and was used in computing Reynolds number , in which 


d is the diameter of the pipe, in feet, v, is the aeiee velocity of 
the water in the pipe, in feet per second, p is the density of the water, 
slugs per cubic foot, and yp is the absolute viscosity of the water, 
slugs per foot-second. The Reynolds number used throughout this 
dulletin is that for the flow condition in the pipe. 

The source of water supply for the investigation was the standpipe 
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Fic. 8. Various Typns or Giope VALvEs 
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of the Hydraulic Laboratory which was 6 ft. in diameter and furnished 
a static head of approximately 45 feet to the test pipe line. Near the 
top of the standpipe was an overflow weir approximately fifteen feet 
long over which water flowed continuously, thereby maintaining at 
the test valve a constant pressure or constant discharge for any par- 
ticular setting of the discharge control valve of the test line. For all 
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tests that required a head greater than a static head of 45 feet, a three- 
stage centrifugal booster pump was used. This pump had a rated 
discharge of two hundred seventy-five gallons per minute against a 
head of four hundred feet, or one hundred seventy-five pounds per 
Square inch, and was directly connected to a fifty-horse-power vari- 
able-speed motor. 

In Table 1 is given for each valve tested the style, the test number, 
the manufacturer, the manufacturer’s or catalog number, a description 
of the moving parts, and the suggested working conditions for each 
valve. All the valves were made of brass and were of the screw-fitting 
type. All valves were tested in a horizontal position, and all hand 
wheels controlling valve openings were placed in an upward vertical 
position. In order to make a water-tight joint between the valve and 
the pipe it was necessary to screw the pipe farther into some valves 
than in others. This distance was noted for all valves, and was found 
to vary from 4% to 5% pipe threads. Many of the valves were tested 
at fractional openings. The fractional opening was assumed to be 
proportional to the number of revolutions through which it was neces- 
sary to turn the hand wheel to open the valve completely from a 
completely closed position. Fractional portions of a turn were meas- 
ured by means of a metal disc whose circumference was divided into 
25 equal parts. This disc was clamped to the hand wheel of the valve, 
and a fixed pointer which was attached to the body of the valve was 
used as a reference point. 

The loss of head over the test length shown in Figs. 1 and 2, 8.06 ft. 
of straight pipe including the union, and with the flanges in the place of 
a test valve, was determined very accurately. Representative data 
of these tests are shown graphically in Fig. 3(a) with values of h (loss 
in head in feet of water) as ordinates and values of v, (average velocity 
in the pipe in ft. per sec.) as abscissas. In Fig. 3(b) values of K, (ratio 
of head loss in the 8.06 ft. of test pipe to the velocity head in the pipe) 
are shown as ordinates and values of Reynolds number as abscissas. 

The loss of head due to the valve only was computed by subtract- 
ing the loss of head caused by the test length of pipe alone from the 
total loss of head caused by the valve and the test length of pipe. 


4. Gate Valves—As may be seen in Table 1, five valves of this 
type were tested. Valve No. 3 was accidentally damaged during the 
vesting, therefore the data obtained from it were not included in the 
results. Valves Nos. 1, 2, 3, and 4 were manufactured by Crane Com- 
pany. Numbers 1 and 2 were of the wedge-dise non-rising-stem pat- 
ern, while Nos. 3 and 4 were of the double-disc rising-stem type. A 
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Fic. 9. RELATION BETWEEN Heap Loss in BEVEL-SEAT GLOBE VALVES 
AND AVERAGE VELOCITY IN PIPE 


photograph of a cut-away section of a valve of the latter pattern is 
reproduced in Fig. 4. Valve No. 102 was of the wedge-dise non-rising- 
stem pattern, and was manufactured by Jenkins Bros. All the gate 
valves tested were recommended by their manufacturers for use with 
125 lb. per sq. in. steam working pressure. A photograph of the five 
gate valves tested is reproduced in Fig. 5. 

Curves showing the relation between the head loss in the valve in 
feet of water as ordinates and the average velocity of the water in the 
pipe in feet per second as abscissas for the gate valves when wide 


open and when one-half open are given in Fig. 6. The relation between | 


Ky, the ratio of head loss in the valve to velocity head in the pipe as 
ordinates and the Reynolds number as abscissas is shown in Fig. 7 
for all gate valves tested, both wide open and one-half open. 
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5. Globe Valves——A total of fourteen globe valves were tested, 
three bevel-seat Nos. 5, 6, and 103; five composition-disc, Nos. (Every 
10, and 104; and six of the plug-dise pattern, Nos. 11, 12, 135145105, 
and 106. A photograph of a cut-away section of one valve of each of 
these patterns is reproduced in Fig. 8a, b, c, respectively. Valves 
Nos. 5 and 6 of bevel-seat pattern with brass disc, were manufactured 
by Crane Company, for 125 lb. steam working pressure. Valve No. 103 
was also of bevel-seat pattern and was made by Jenkins Bros. and 
had a nickel alloy disc and seat. This valve was specified for 200 lb. 
per sq. in. steam working pressure. 

Valves Nos. 7, 8, 9, 10, and 104 were all composition-dise globe 
valves with renewable seats. The first four named were manufactured 
by Crane Company, and the last one by Jenkins Bros. Numbers 7 and 
8 were specified for 150 lb. per sq. in. steam working pressure or 
300 lb. per sq. in. oil, water, or gas. Numbers 9 and 10 were specified 
for 100 lb. per sq. in. steam working pressure, while No. 104 was speci- 
fied for 125 lb. per sq. in. steam, or 250 lb. per sq. in. oil, water, or 
gas pressure. 

Plug-dise valves Nos. 11, 12, 138, and 14 were manufactured by 
Crane Company, while No. 105 was manufactured by Jenkins Bros. 
Valve No. 106 was obtained by filling the concave underside of the 
plug in No. 105 with lead. Valves Nos. 12 and 13 were made with 
renewable seats, and for use under a working pressure of 150 lb. per 
sq. in. steam, or 300 lb. per sq. in. oil, water, or gas pressure. Valves 
Nos. 13 and 14 had renewable alloy seats and nickel-alloy plugs. They 
were to be used under a steam working pressure of 250 lbs. per sq. in. 
at 500 deg. F. or 500 lb. per sq. in. oil, water, or gas pressure. Valve 
No. 105 possessed a renewable nickel-alloy seat and plug. It was 
designed for a steam working pressure of 200 lb. per sq. in. or 300 lb. 
per sq. in. oil, water, or gas pressure. 

In all these valves the plane of the orifice was in a plane perpen- 
dicular to the valve stem, and each valve was tested with the flow 
upward through the orifice and with the flow downward through the 
orifice. Photographs of parts of various globe valves tested are re- 
produced in Fig. 8. In Fig. 8g is shown a view of valve No. 106 
(which was No. 105) after the plug had been altered by filling in the 
concave underside of it with lead. 

The relation between the head loss in the valve and the average 
velocity of the water in the pipe is shown graphically in Figs. 9, 10, 
and 11 for the bevel-seat, the composition-disc, and the plug-dise globe 
valves, respectively. The relation between K,, the ratio of head loss in 
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Fic. 15. Various Types or CHECK VALVES 


valves to velocity head in pipe, and Reynolds number for these three 
types of globe valves is shown in Figs. 12, 13, and 14. 


6. Check Valves.—Ten check valves of three quite different types 
were tested. Four were of the swing-check type, five of the horizontal- 
check type, and one of the ball-check type. Photographs of these three 
types of check valves with a portion of the valve body removed in 
order to show the internal arrangement of the checking mechanism 
are reproduced in Fig. 15a, b, and ec. 

Valves Nos. 15, 16, 108, and 109 were swing check valves with 
brass discs. Valves Nos. 15 and 16 were manufactured by Crane Com- 
pany, and were recommended for a steam working pressure of 125 lb. 
per sq. in. Valves Nos. 108 and 109 were manufactured by Jenkins 
Bros. Valve No. 108 was recommended for a steam working pressure 
of 150 lb. per sq. in., valve No. 109 for a steam working pressure of 
200 Ib. per sq. in., or 300 lb. per sq. in. oil, water, or gas pressure. 

The horizontal check valves were listed as Nos. 17, 18, 19, 20, and 
110. Valves Nos. 17 and 18 were manufactured by Crane Company 
and the disc was of a composition material. These valves were recom- 
mended for a pressure of 100 lb. per sq. in. for oil, water, or gas. 
Valves Nos. 19 and 20 were also manufactured by Crane Company, 
but the checking mechanism was a brass dise and the recommended 
pressure was 100 lb. per sq. in. steam working pressure. Valve No. 110 
was manufactured by Jenkins Bros. The dise of this valve was of a 
composition material, and the recommended working pressure was 
250 lb. per sq. in. for oil, water, or gas. 

Only one ball check valve, No. 111, was tested. This valve was 
manufactured by Jenkins Bros., and was specified for a working pres- 
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Fic. 16. Revation Between Heap Loss 1n Various CHECK VALVES 
AND AVERAGE VELOCITY IN PIPE 


sure of 250 lb. per sq. in. for oil or water. The check mechanism was | 
a bronze ball which fitted into a bronze seat. 

The relation between head loss in the various check valves tested 
and the average velocity in the pipe is shown graphically in Fig. 16. 
In Fig. 17 is shown the relation between K,, ratio of head loss in valve 
to velocity head in pipe, and Reynolds number for all check valves 
cested. 


7. Y Valve——One Y or blow-off valve was tested. This valve, 
No. 107, which was manufactured by Jenkins Bros., had a renewable 
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Fic. 18. Y or BLow-orr VALVE 
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Fic. 19. Revation Between Heap Loss In Y VALVE 
AND VELOCITY IN PIPE 


seat ring and was recommended for a 250 lb. per sq. in. oil, water, or 
gas working pressure. A photograph of a valve of this type with a 
-yortion of the valve body removed in order to show the working parts 
is reproduced in Fig. 18. Tests were made on the Y valve with the disc 
upstream and with the disc downstream, and also with the disc in the 


half-open and full-open positions. 
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Fic. 20. Revarion Between Ky, Ratio or Heap Loss 1x Y VALVE TO 
VeLociry Heap in Pipp, AND Rryno“tps NUMBER 


The results of these tests are given graphically in Figs. 19 and 20. 
Figure 19 shows the relation between the head loss in the Y valve 
and the velocity in the pipe. In Fig. 20 is shown the relation between 
K,, the ratio between head loss in valve to velocity head in pipe, and 
Reynolds number. 


III. Resutts anp Discussion 


8. General——The relation between hy, the loss in head in feet of 
water due to the valve, and V,, the average velocity in the pipe in 
feet per second, has been shown graphically for each valve tested in 


Figs. 6, 9, 10, 11, 16, and 19. It may be noted that the plotted data 


are represented by straight lines. The general equation of the straight 
lines is h, = mV,”, in which m is a constant depending on the dimen- 
sions of the valve, and n is the exponent of the velocity, represented 
by the slope of the straight line. The values of m, n, and K, for all 
values tested are shown in Table 2. The value K, represents the ratio 
of the loss of head in feet of water, due to the valve, to the velocity 
head in the pipe. The relation between K, and the Reynolds number of 
the flow in the pipe, for all valves tested, is shown graphically in 
Figs. 7, 12, 13, 14, 17, and 20. In some of the tests the curves as plotted 
did not become horizontal, or indicate a constant value of K,, at the 
highest Reynolds number obtained, due probably to the too-low 
velocity produced. These values of K, have all been marked with an 
asterisk in Table 2. 

In Table 3 is shown a summary of the experimental results for 
each type of valve tested. Also shown in Table 3 is the equivalent 
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TABLE 3 
SuMMARY OF EXPERIMENTAL RESULTS 


Equivalent 
See ce a Values of K, 
: ; = ft. 
Type of Valve ms poe eee m n Ky 
0 139 one King? | Greve?| Corp! 
Gate 1.0 0039) 1.82 0.145* 1.01} 0.93] 0.12 | 0.194) 0.201 
ONZ5 |ROF OLS” | SL 87 0.70* 5.04) 5.40 0.90 | 0.576 
0.50 -053 | 1.95 3.40* 24.5 | 26.0 | 2.60 | 4.40 | 2.88 
Globe 
Bevel-seat Down 1.0 0.110} 1.99 7.03 50.5 | 43.0 
Up ie) 0.088 | 1.99 5.50 39.5 | 43.0 
Down 0.5 0.155 | 2.00 9.80 70.5 
Up 0.5 0.136 | 1.99 8.85" 63.6 
Comp.-dise Down 1.0 0.091 | 2.00 5.98 43.0 | 43.0 
Up 1.0 0.096 | 2.00 6.19 44.5 | 43.0 
Down 0.50 | 0.146 | 1.99 8.50 61.0 
Up 0.50 | 0.140 | 1.99 8.63 62.0 
Plug-dise Down 1.0 0.112) | 2,00 7.36 52.9 | 43.0 
Up LO 0.128 | 2.00 8.23 59.2 | 43.0 
Down 0.75 | 0.166 | 2.00 | 11.0 79.0 
Up 0,75 | 0.235 | 1.97 | 19.0 136.0 
Down 0.50 | 0.472 | 2.00 | 30.0 215.0 
Up 0.50 | 0.450 | 1.99 | 31.0 223.0 
Down 0.25 | 1.29 1.96 |120.0 861.0 
Up 0.25 | 1.68 1.96 {105.0 755.0 
Check 
Swing 1.0 0.18 1.96 0.90 6.56 
Horizontal-dise 1.0 0.20 1.90 9.25 66.5 
Ball PO) 1 ee 1.92 | 64.0 -461.0 
ys Down 1.0 0.052 | 1.95 2.9 20.9 
Up 1.0 0.052 | 1.95 2.9 20.9 
Down 0.50 | 0.080 | 1.95 4.8 * 34.5 
Up 0.50 | 0.096 | 1.95 Dau 41.0 


*Curve not horizontal at highest value of Reynolds number. 


length of 14-inch pipe for each type of valve tested. For comparison 
the values of equivalent length of pipe recommended by other investi- 
gators are also shown. 


9. Gate Valves—tThe average values of the results of tests on gate 
valves when in the wide-open, three-quarters-open, and half-open 
positions are shown in Table 3. As may be noted from this table the 
loss in head for the gate valves when wide open is slightly less than 
the loss in head per foot of 14-inch pipe as indicated by values of 
K, and K. 

The values of Ky, given in Table 3 for the three openings of the 
gate valves tested agree very well with the values given by King‘, 
Greve*, and Corp*, which are also shown in this table for compari- 
son, although it may be seen from Fig. 7 that K, in some tests had 
not reached a constant value owing to too low a Reynolds number. 
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The loss of head caused by a gate valve three-quarters open is 
about five times the loss when the valve is wide open, and when the 
valve is one-half open the loss was found from these tests to be about 
twenty-five times the loss when the valve is in the wide-open position. 

The length of one and one-half inch pipe which would cause a loss 
of head equivalent to that in a gate valve was found to be about 
one foot when the valve was wide open, five feet when three-quarters 
open, and twenty-five feet when one-half open. These values of 
equivalent length of 14-inch pipe compare very closely to those given 
by Crane Company’, also listed in Table 3. 

The value of n, which is the slope of the head loss—velocity curve, 
increases slightly as the opening of the gate valve is reduced. 


10. Globe Valves—The tabulated results for each globe valve 
tested are shown in Table 2. Two of the three types of globe valves 
tested, namely the bevel-seat valve, and the composition-disc valve, 
were of a similar pattern, and showed similar hydraulic characteristics. 
The loss in head in the bevel-seat valves was about the same as the 
loss in head for the composition-dise valves when in the wide-open 
and the half-open positions. However, the loss in head was greater in 
the bevel-seat valve when the flow was downward through the valve 
than when it was upward through the valve, but in the composition- 
disc valve the reverse relation was true. This relation between loss of 
head and direction of flow was the same for these two types of valves 
when in the wide-open or in the half-open positions. 

The third type of globe valve tested, the plug-disc valve, is to some 
extent a combination of the needle valve and the globe valve. In the 
wide-open position the plug-dise valve shows a loss of head about 20 
per cent greater than the corresponding loss in the bevel-seat and com- 
position-disc valves. In the half-open position the Joss of head in the 
plug-dise valve was approximately three times the corresponding loss 
in the other two types of globe valves tested. It may be noted in 
Table 3 and in Fig. 14 that the loss of head in a plug-dise valve is 
slightly less when the water is flowing down through the valve than 
when it is flowing up through it for the wide-open, three-quarters-open 
and half-open positions. 

The shape of the plug and its immediate surroundings very likely 
induce flow characteristics which cause the loss of head to undergo 
wide variations in its relation to velocity when the valve is nearly 
closed. The plug-disc valve is an excellent valve to use for throttling 
the flow, because of its mechanical and hydraulic characteristics, but 
it does induce considerable loss of head as may be seen in Tables 2 


and 3. 


30 ILLINOIS ENGINEERING EXPERIMENT STATION 


In all globe valves tested, the loss of head caused by the valve 
varied, for all practical purposes, as the square of the average velocity 
in the pipe. This relation held true for all opening positions of all the 
valves. As may be noted in Figs. 12, 18, and 14, the value of K, is 
practically a constant over the entire range of Reynolds numbers 
used, which varied from below 20 000 to over 500 000 for all globe 
valves tested. 

As noted in Section 8, valve No. 105 was altered by filling in the 
under side of the plug with lead and renumbered No. 106, shown in 
Fig. 8g. The results from this altered valve shown in Tig. 14 were 
discouraging, the loss of head being nearly the same as, or slightly less 
than, that in the original valve, although, in the test with the flow 
downward through the valve, when wide open the loss of head for the 
altered valve No. 106 was greater than for the original valve No. 105. 


11. Check Valves——Four swing check valves were tested. Three 
of these valves showed results nearly equal in magnitude, but the 
fourth valve, which was of the regrinding bronze disc type specified 
for 200 lbs. per sq. in. steam working pressure, showed a head loss 
approximately twice that of the other three valves, as may be noted 
in Figs. 16 and 17, and Tables 2 and 3. 

High velocities through the ball check valve caused the ball to 
oscillate at high frequency, causing a noise not unlike that of a ma- 
chine gun firing. This pounding of the ball on its seat might be ob- 
jectionable from the standpoint of wear on ball and seat, but would 
be very helpful in oil pipe lines in which sludge or settlings would 
have a tendency to render other types of check valves useless by stick- 
ing to the seat and valve mechanism. 


12. Y Valve—Only one Y valve was tested. As may be seen from 
the curves in Figs. 19 and 20, and from the results given in Tables 2 
and 3, the direction of flow through the Y valve had little or no effect 
on the loss of head. The loss of head when half open was about twice 
the loss when wide open. The loss of head for the Y valve when wide 
open is about one-half the corresponding loss in a globe valve, and 
about twenty times the corresponding loss due to a gate valve. 


IV. Summary AND CoNCLUSION 


13. Swmmary—The main object of this investigation was to obtain 
information concerning the loss of head accompanying the flow of 
water through small valves. All valves used in this investigation were 


a wae = a et eet 
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of 144-inch nominal diameter. Most of the information that is avail- 
able concerning valves was published over twenty years ago, hence 
there are few published results of loss of head in valves of recent 
manufacture. Also, an effort has been made to study the results of 
these tests by means of dimensionless parameters, as is usually done 
in the study of the flow of fluids through pipes, in order to make the 
results more useful to engineers concerned with the flow of fluids other 
than water. 

The dimensionless parameters used in this analysis were K,, the 
ratio of the head loss in a valve to the average velocity head in the 
pipes, and R,, the Reynolds number for the flow conditions in the pipe 
(defined in Section 3). 


14. Conclusion—The following brief conclusions are based on the 
results of the tests herein reported, and on their comparison with pre- 
viously published data: 

(1) The loss of head in all the valves tested—gate, globe, check, 
and Y valves—varied (closely) as the square of the average velocity 
in the pipe. The velocity ranged from a minimum of less than 1.0 ft. 
per sec. to a maximum of more than 50.0 ft. per sec., depending on the 
type of values used. 

(2) The loss of head due to a 1%-inch gate valve when wide open 
was nearly the same as the loss of head per foot in 1%-inch galvanized 
pipe (see Table 3 and Figs. 3 and 6). 

(3) The loss of head due to a gate valve when one-half open was 
approximately twenty-five times the loss of head when the valve was 
wide open, the velocity in the pipe being the same for the two settings 
of the valve. This is shown in Table 3 and in Fig. 6. 

(4) The loss of head for a globe valve when wide open was about 
forty times the loss in head in a gate valve when wide open, the 
velocity in the pipe being the same for the two cases (see Table 3). 

(5) The loss of head caused by check valves varied greatly, de- 
pending on the type of the checking mechanism. The swing check 
valve occasioned only one-tenth as much loss of head as did a hori- 
zontal disc check valve, and only one-seventieth as much as a ball 
check valve. The ball check valve, however, might be advantageous 
despite its high loss of head, because the vibrations of the ball tend 
to keep the valve seat clear. The loss of head in check valves is shown 
‘n Table 3 and in Fig. 16. 

(6) The loss of head in a Y valve when wide open was about 
twenty times that in a gate valve when wide open, but only one-half 


32 ILLINOIS ENGINEERING EXPERIMENT STATION 


of that in a globe valve when wide open. This is shown in Tables 2 
and 3. 

(7) The direction of flow through the globe valve or the Y valve 
caused but little difference in loss of head. This is shown in Tables 2 
and 3 and in Fig. 19. 

(8) For all valves tested, the values of K,, the ratio of the head 
loss in the valve to the velocity head in the pipe, was found to ap- 
proach a constant value as the Reynolds number was increased. This 
is shown in Figs. 7, 12, 18, 14, 17, and 20. By the use of these figures 
the value of K, can be obtained for any of the valves tested, regardless 
of the kind of fluid flowing through the valves, if the Reynolds number 
can be computed; that is, if the viscosity, density, and velocity of the 
fluid, and the diameter of the pipe are known. Hence, the loss of head 
may be computed from the value of K, taken from these curves for 
a wide range of liquids and gases of various temperatures and densi- 
ties; and therefore one curve will yield information for a great variety 
of conditions of different fluids within the limits of the Reynolds 
numbers used in these tests. 

For the globe valves tested the value of K, remained constant over 
the entire range of Reynolds numbers used, which varied from less 
than 20 000 to more than 500 000. The average value of K, for globe 
valves when wide open ranged from 5.5 for the bevel-seat type to 8.2 
for the plug-dise type (see Figs. 12, 13, and 14). 
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_ Bulletin No. 307. An investigation of Rigid Frame Bridges: Part I, Tests of 
Reinforced Concrete Knee Frames and Bakelite Models, by Frank E. Richart, 
Thomas J. Dolan, and Tilford A. Olsen. 1938. Fifty cents. 

Bulletin No. 308. An Investigation of Rigid Frame Bridges: Part II, Labora- 
tory Tests of Reinforced Concrete Rigid Frame Bridges, by W. M. Wilson, R. W. 
Kluge, and J. V. Coombe. 1938. Eighty-five cents. 

Bulletin No. 309. The Effects of Errors or Variations in the Arbitrary Con- 
stants of Simultaneous Equations, by George H. Dell. 1938. Sixty cents. 

Bulletin No. 310. Fatigue Tests of Butt Welds in Structural Steel Plates, by 
W. M. Wilson and A. B. Wilder. 1939. Sixty-five cents. 

Bulletin No. 311._ The Surface Tensions of Molten Glass, by Cullen W. 
Parmelee, Kenneth C. Lyon, and Cameron G. Harman. 1939. Fifty-five cents. 

Bulletin No. 312. An Investigation of Wrought Steel Railway Car Wheels: 
Part I, Tests of Strength Properties of Wrought Steel Car Wheels, by Thomas J. 
Dolan and Rex L. Brown. 1939. Seventy cents. 

Circular No. 36. A Survey of Sulphur Dioxide Pollution in Chicago and 
Vicinity, by Alamjit D. Singh. 1939. Forty cents. 

Circular No. 37. Papers Presented at the Second Conference on Air Condition- 
ing, Held at the University of Illinois, March 8-9, 1939. 1939. Fifty cents. 

Circular No. 38. Papers Presented at the Twenty-sixth Annual Conference on 
Highway Engineering, Held at the University of Illinois, March 1-3, 1939. 1939. 
Fifty cents. 

Bulletin No. 313. Tests of Plaster-Model Slabs Subjected to Concentrated 
Loads, by Nathan M. Newmark and Henry A. Lepper, Jr. 1939. Sixty cents. 

Bulletin No. 314. Tests of Reinforced Concrete Slabs Subjected to Concen- 
trated Loads, by Frank E. Richart and Ralph W. Kluge. 1939. Eighty cents. 

Bulletin No. 315. Moments in Simple Span Bridge Slabs with Stiffened Edges, 
by Vernon P. Jensen. 1939. One dollar. 

Bulletin No. 316. The Effect of Range of Stress on the Torsional Fatigue 
Strength of Steel, by James O. Smith. 1939. Forty-five cents. 

Bulletin No. 317. Fatigue Tests of Connection Angles, by Wilbur M. Wilson 
and John V. Coombe. 1939. Thirty-five cents. aged 

Reprint No. 13. First Progress Report of the Joint Investigation of Continuous 
Welded Rail, by H. F. Moore. 1939. Fifteen cents. — bas f 

Reprint No. 14. Fifth Progress Report of the Joint Investigation of Fissures in 
Railroad Rails, by H. F. Moore. 1939. Fifteen cents. ; ae 

Circular No. 39. Papers Presented at the Fifth Short Course in Coal Utiliza- 
tion, Held at the University of Illinois, May 23-25, 1939. 1939. Fifty cents. 

Reprint No. 15. Stress, Strain, and Structural Damage, by H. F. Moore. 
1940. None available. j 

Bulletin No. 318. Investigation of Oil-fired Forced-Air Furnace Systems in 
the Research Residence, by A. P. Kratz and 8. Konzo. 1939. Ninety cents. 

Bulletin No. 319. Uaminar Flow of Sludges in Pipes with Special Reference to 
Sewage Sludge, by Harold E. Babbitt and David H. Caldwell. 1939. Sixty-five cents. 

Bulletin No. 320. The Hardenability of Carburizing Steels, by Walter H. 
Bruckner. 1939. Seventy cents. 

» Bulletin No. 821. Serer Cooling in the Research Residence with a Con- 
densing Unit Operated at Two Capacities, by A. P. Kratz, 8. Konzo, M. K. Fahne- 
stock, and E. L. Broderick. 1940. Seventy cents. es ; ; 

Circular No. 40. German-English Glossary for Civil Engineering, by A. A. 
rielmaier. 1940. Fifty cents. 

Bulletin No. sg Investigation of Rigid Frame Bridges: Part III, Tests 
of Structural Hinges of Reinforced Concrete, by Ralph W. Kluge. 1940. Forty cents. 

Circular No. 41. Papers Presented at the Twenty-seventh Annual Conference 
on Highway Engineering, Held at the University of Illinois, March 6-8, 1940. 1940. 
Fifty cents. 

C +Copies of the complete list of publications can be obtained without charge by addressing the 
EF agineering Experiment Station, Urbana, Ill. 
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Reprint No. 16. Sixth Progress Report of the Joint Investigation of Fissures in 
Railroad Rails, by H. F. Moore. 1940. Fifteen cents. : i 

Reprint No. 17. Second Progress Report of the Joint Investigation of Con- 
tinuous Welded Rail, by H. F. Moore, H. R. Thomas, and R. E. Cramer. 1940. 
Fifteen cents. ; : 4 tet so ; 

Reprint No. 18. English Engineering Units and Their Dimensions, by E. W. 
Comings. 1940. Fifteen cents. ; : 

Reprint No. 19. Electro-organic Chemical Preparations, Part H, by Sherlock 
Swann, Jr. 1940. Thirty cents. 

Reprint No. 20. New Trends in Boiler Feed Water Treatment, by F. G. Straub. 
1940. Fifteen cents. ; 

Bulletin No. 823. Turbulent Flow of Sludges in Pipes, by H. E. Babbitt and 
D. H. Caldwell. 1940. Forty-five cents. 

Bulletin No. 824. The Recovery of Sulphur Dioxide from Dilute Waste Gases 
by Chemical Regeneration of the Absorbent, by H. F. Johnstone and A. D. Singh. 
1940. One dollar. 

Bulletin No. 325. Photoelectric Sensitization of Alkali Surfaces by Means of 
Electric Discharges in Water Vapor, by J. T. Tykociner, Jacob Kunz, and L. P. 
Garner. 1940. Forty cents. 

Bulletin No. 326. An Analytical and Experimental Study of the Hydraulic 
Ram, by W. M. Lansford and W. G. Dugan. 1940. Seventy cents. 

Bulletin No. 327. Fatigue Tests of Welded Joints in Structural Steel Plates, by 
W. M. Wilson, W. H. Bruckner, J. V. Coombe, and R. A. Wilde. 1941. One dollar. 

Bulletin No. 328. A Study of the Plate Factors in the Fractional Distilla- 
tion of the Ethyl Alcohol-Water System, by D. B. Keyes and L. Byman. 1941. 
Seventy cents. 

Bulletin No. 829. A Study of the Collapsing Pressure of Thin-Walled Cylinders, 
by R. G. Sturm. 1941. Highty cents. 

Bulletin No.'330. Heat Transfer to Clouds of Falling Particles, by H. F. John- 
stone, R. L. Pigford, and J. H. Chapin. 1941. Svaxty-five cents. 

Bulletin No. 331. Tests of Cylindrical Shells, by W. M. Wilson and E. D. Olson. 
1941. One dollar. 

Reprint No. 21. Seventh Progress Report of the Joint Investigation of Fissures 
in Railroad Rails, by H. F. Moore. 1941. Fifteen cents. 

Bulletin No. 332. Analyses of Skew Slabs, by Vernon P. Jensen. 1941. One 
dollar. 

Bulletin No. 333. The Suitability of Stabilized Soil for Building Construction, 
by E. L. Hansen. 1941. Forty-five cents. 

Circular No. 42. Papers Presented at the Twenty-eighth Annual Conference on 
Highway Engineering, Held at the University of Illinois, March 5-7, 1941. 1941. 
Fifty cents. 

Bulletin No. 334. The Effect of Range of Stress on the Fatigue Strength of 
Metals, by James O. Smith. 1942. Fifty-five cents. 


Bulletin No. 335. A Photoelastic Study of Stresses in Gear Tooth Fillets, by | |) 


Thomas J. Dolan and Edward L. Broghamer. 1942. Forty-five cents. 

Circular No. 43. Papers Presented at the Sixth Short Course in Coal Utiliza- 
tion, Held at the University of Illinois, May 21-23, 1941. 1942. Fifty cents. 

Circular No. 44. Combustion Efficiencies as Related to Performance of Domestic 
Heating Plants, by Alonzo P. Kratz, Seichi Konzo, and Daniel W. Thomson. 1942. 
Forty cents. 

Bulletin No. 336. Moments in I-Beam Bridges, by Nathan M. Newmark and 
Chester P. Siess. 1942. One dollar. 

*Bulletin No. 337. Tests of Riveted and Welded Joints in Low-Alloy Structural 
Steels, by Wilbur M. Wilson, Walter H. Bruckner, and Thomas H. McCrackin. 
1942. Highty cents. 

*Bulletin No. 338. Influence Charts for Computation of Stresses in Elastic 
Foundations, by Nathan M. Newmark. 1942. Thirty-five cents. 

*Bulletin No. 339. Properties and Applications of Phase-Shifted Rectified Sine 
Waves, by J. Tykocinski Tykociner and Louis R. Bloom. 1942. Sixty cents. 

“Bulletin No. 340. Loss of Head in Flow of Fluids Through Various Types of 
One-and-one-half-inch Valves, by Wallace M. Lansford. 1942. Forty cents. 


*A limited number of copies of bulletins starred are available for free distribution. 
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Colleges and Schools at Urbana 


_ COLLEGE oF LIBERAL ARTS AND Scrences.—General curricula (1) with majors in the hu- 
manities and sciences, and (2) with fields of concentration in mathematics and 
physical science, biological science, social science, and the humanities; specialized 
curricula in chemistry and chemical engineering; general courses preparatory to the 
study of law and journalism; pre-professional training in medicine and dentistry. 
COLLEGE OF COMMERCE AND BUSINESS ADMINISTRATION.—Fields of concentration in 
accountancy, banking and finance, commerce and law, commercial teaching, eco- 
nomics, industrial administration, management, marketing, and public affairs. 
COLLEGE or ENncINEERING.—Curricula in agricultural engineering, ceramics, ceramic en- 
gineering, chemical engineering, civil engineering, electrical engineering, engineer- 
ing physics, general engineering, mechanical engineering, metallurgical engineering, 
mining engineering, and public health engineering. 
COLLEGE OF AGRICULTURE,—Curricula in agriculture, dairy technology, floriculture, home 
economics, and vocational agriculture; pre-professional training in forestry. 
| COLLEGE OF Epucation.—Curricula in education, agricultural education, home econom- 
ics education, and industrial education. The University High School is the practice 
school of the College of Education. 
_CoLLece or Finz anp Appiiep Arts.—Curricula in architecture, art, landscape architec- 
ture, music, and music education. 


CoLLece or Law.—Professional curricula in law. 
ScHOooL oF JoURNALISM.—Editorial, advertising, and publishing curricula. 


ScHOoL oF PuHysicaL Epucation.—Curricula in physical education for men and for 
women. 


’ Lrprary ScHoot.—Curriculum in library science. 
| GrapuaTEe ScHoot.—Advanced study and research. 


\ 


. Summer Quariter.—Courses for undergraduate and graduate students. 


University Extension Division—Courses taught by correspondence, extramural courses, 
science aids service, speech aids service, and visual aids service. 


i Colleges in Chicago 
CoLLEGE oF DentTIstrY.—Professional curriculum in dentistry. 
CoLiecE or Mepicine.—Professional curriculum in medicine. 
CoLLEGE oF PHarmacy.—Professional curriculum in pharmacy. 


University Experiment Stations, and Research and 
Service Organizations at Urbana 


AGRICULTURAL EXPERIMENT STATION BureEAu OF COMMUNITY PLANNING 
ENGINEERING EXPERIMENT STATION BuREAU OF EDUCATIONAL RESEARCH 
EXTENSION SERVICE IN AGRICULTURE BUREAU OF INSTITUTIONAL RESEARCH 
AND Home Economics PERSONNEL BUREAU 
BurEAU OF EcoNOMIC AND Rapio Station (WILL) 
BusINEssS RESEARCH UNIVERSITY OF ILLINOIS PREsS 


State Scientific Surveys and Other Divisions at Urbana 


STATE GEOLOGICAL SURVEY State Diacnostic LaBoratory (for 
State NaTurAL History SURVEY Animal Pathology) 
STATE WATER SURVEY U. S. Soypean Propucts LABORATORY 


For general catalog of the University, special circulars, and other information, address 
Tue REGISTRAR, UNIVERSITY OF ILLINOIS 
URBANA, ILLINOIS 


